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REMARKS 

After the above amendments, Claims 46-66, 72-77, 81 and 186-266 are pending. 

Support for the amendment to Claim 46 with respect to the degree of dephosphorylation 
may be found at, e.g., page 7, lines 1 1-20, and Examples 1-3 of the specification. As noted there, 
proteins and peptides which are useful in the practice of the invention must be "at least partially 
dephosphorylated." Proteins and peptides which are "at least partially dephosphorylated" must 
have the number of phosphorylated amino acids present in the population of proteins or peptides 
reduced by at least 10% {i.e., they must be at least 10% dephosphorylated). 

A. Restriction Requirement 

In response to the Examiner's restriction requirement, Applicant elected the Group 3 
claims (Claims 46-75 and 79-81) without traverse. In response to the Examiner's requirement of 
an "Additional Election" as described at page 5 of the Office Action dated March 27, 2006, 
Applicant elected phosvitin with traverse. Applicant continues to traverse this requirement for an 
Additional Election for the reasons of record and for the following additional reasons. 

As noted in Applicant's previous response to the Additional Election requirement, 
Applicant's compounds all fall within the Markush group of phosphate acceptor compounds 
(PACs, IPACs, or EPACs) that have common features. Specifically, they are phosphate accepting 
molecules and are useful in the treatment of diseases mediated by the increased phosphorylation 
of proteins and peptides by kinases. See page 4, lines 1-8 and lines 13-15, of the present 
application. 
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With respect to claims covering Markush groups, a species election, rather than the 
Examiner's requirement of an Additional Election of an invention, is appropriate. See MPEP § 
80.3.02 (Rev. 5, Aug. 2006). In particular in this section 803.02 of the MPEP, on page 800-5, it 
states: 

A Markush-type claim may include independent and distinct inventions. This is true 
where two or more of the members are so unrelated and diverse that a prior art reference 
anticipating the claim with respect to one of the members would not render the claim 
obvious under 35 U.S.C. 103 with respect to the other member(s). In applications 
containing a Markush-type claim that encompasses at least two independent or distinct 
inventions, the examiner may require a provisional election of a single species prior to the 
examination on the merits. . . . Following election, the Markush-type claim will be 
examined fully with respect to the elected species and further to the extent necessary to 
determine patentability. [Emphasis added.] 

Accordingly, the Examiner is respectfully requested to revise the Additional Election 
requirement to make it an election of a species, instead of the election of an invention. 
B. Objections To The Specification 

1. Objection to page 64. lines 1 1 and 19 of the Specification 

The Examiner has objected to page 64, line 1 1, of the specification on the basis that 
"BSA" and "ELIS" should be set forth in full the first time they are used. This has already been 
done in the specification for BSA. Immediately before the abbreviation is used, the full term 
(bovine serum albumin) is stated (see page 64, line 1 1). "ELIS" is a grade of BSA, and it is also 
defined in the specification immediately after the term (see page 64, line 11). Thus, the Examiner 
is requested to withdraw this objection. 

The Examiner has objected to page 64, line 19, of the specification on the basis that 
"ELISA" should be set forth in full the first time it is used. By the above amendments of the 
specification, this has been done. Thus, this objection is overcome. 

2. Objection to page 6, line 2, page 9, line 6, page 12, 
line 12. and page 14. line 28 of the Specification 

The Examiner has objected to page 6, line 2, page 9, line 6, page 12, line 12, and page 14, 

line 28, of the specification on the basis that they contained embedded hyperlinks. By the above 
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amendments of the specification, these hyperlinks have been deleted in the manner advised by the 
Examiner. Thus, this objection is overcome. 

3. Objection to Claim 80 

The Examiner has objected to Claim 80 on the basis that EPACs should be set forth in full 
the first time it is used. By the above amendments of the claims, Claim 80 has been canceled. 
Thus, this objection is moot. 

C. Section 1 12 Rejections 

The Examiner has rejected Claims 67, 76, 81 and 185 on the basis that they are indefinite. 
Applicant respectfully traverses these rejections for the following reasons and asks that they be 
withdrawn. 

It is the Examiner's position that Claims 67 and 185 are indefinite because of the phrase 
"attached to" used in those claims. It is the Examiner's position that it is unclear whether 
"attached to" refers to covalent or noncovalent linkages. The attachment of the PACs to targeting 
molecules is illustrated at page 15, line 8, through page 17, line 22, of the present application. As 
described there, the targeting molecules can be covalently or noncovalently attached to a PAC. 
Thus, it is submitted that the meaning of "attached to" is clear. The passage on page 48, lines 9- 
13, referenced by the Examiner does not apply to the attachment of a targeting molecule to a PAC. 

It is the Examiner's position that Claim 76 is indefinite because the phrase "random 
sequence" used in that claim is not defined in the specification. However, the meaning of 
"random sequence" is provided on page 12, lines 5-1 8. As set forth there, it means that a protein 
or peptide, or a portion of a protein or peptide, containing a phosphorylatable amino acid need not 
contain a phosphorylation site (i.e., the sequence around the phosphorylatable amino acid can be 
random). Accordingly, it is submitted that the meaning of this term is also clear. 

It is the Examiner's position that Claim 81 is indefinite because the phrases "a 
combination of EPACs" and "other EPACs" used in the claim are drawn to non-elected 
inventions. Applicants submit that these phrases are clear (see the discussion of EPACs on pages 
5-12 of the application), and that this is not a section 1 12 issue. 
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D- Section 102 Rejections 

1 . Rejection of Claims 46-49, 62, 67-70, 72, 74, 
79 and 185 as anticipated by GB 1.350.197 

The Examiner has rejected Claims 46-49, 62, 67-70, 72, 74, 79 and 185 as anticipated by 
GB 1,350,197 (Istituo Farmacologico Serono or IFS) as evidenced by Fujino et al., Gamete Res,, 
7:249-257 (1983). Applicant respectfully traverses this rejection. 

The Examiner cites IFS as teaching pharmaceutical compositions comprising phosvitin. 
IFS does teach certain pharmaceutical compositions comprising phosvitin, but IFS teaches that the 
phosvitin used in these compositions is phosvitin as it is obtained from egg yolks without any 
dephosphorylation. Thus, IFS alone does not anticipate the rejected claims. 

The Examiner cites Fujino et al. as teaching that naturally-occurring phosvitin has certain 
inherent properties. In particular, the Examiner contends that Fujino et al. teaches that naturally- 
occurring phosvitin is not fully phosphorylated (i.e., it is partially desphosphorylated) and is, 
therefore, capable of acting as a phosphate acceptor. 

To rely on inherency, the Examiner must establish that the phosvitin used in the IFS 
compositions necessarily has these properties. Inherency cannot be established by speculation or 
possibilities. 

Contrary to the Examiner's contentions, the teachings of Fujino et al. do not establish that 
phosvitin is necessarily at least partially dephosphorylated. 1 

First, the phosvitin used in the experiments described in Fujino et al. appears to have been 
partially dephosphorylated phosvitin, not naturally-occurring phosvitin, as contended by the 
Examiner. See the section entitled "Chemicals" on page 251 of Fujino et al. 

Second, the sea urchin kinase used by Fujino et al. was only partially purified (see, e.g., 
the Abstract of Fujino et al.). The use of such impure kinase preparations can lead to incorrect 



1 By making these arguments, Applicant does not concede that Fujino et al. is being 
properly used as a second reference in this section 102 rejection. 
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interpretations of results. See, e.g., Gill and Walton, Advances in Cyclic Nucleotide Research, 
10:93-106 (1979), cited in Fujino et al. (copy being submitted herewith as Appendix A). For 
instance, no measurement was made of phosphatase activity in these impure materials. A 
phosphatase, if present, might have dephosphorylated the added phosvitin, which could then have 
been re-phosphorylated with the radioactively labeled phosphate by the kinase. 

Third, the sea urchin kinase itself was shown by Fujino et al. to remove phosphate from 
phosvitin. See the final paragraph of the Results section, paragraph bridging pages 254-255, and 
the penultimate paragraph of the Discussion section, page 256, of Fujino et al. Thus, the sea 
urchin kinase may have dephosphorylated the phosvitin and then re-phosphorylated it with the 
radioactively labeled phosphate. 

Thus, contrary to the Examiner's contentions, Fujino et al. does not establish that the 
phosvitin used in the pharmaceutical compositions of IFS has the inherent characteristic of not 
being fully phosphorylated (i.e., being partially dephosphorylated), as alleged by the Examiner, 
and IFS does not anticipate any of the rejected claims. 

Finally, the phrase "at least partially dephosphorylated" is defined in the present 
application to mean at least 10% dephosphorylated. See page 7, lines 1 1-20, of the present 
application and the above remarks. Even assuming that the Examiner's contentions are correct 
that naturally-occurring phosvitin is not fully dephosphorylated, there is no teaching or suggestion 
in Fujino et al. that the phosvitin used by them was at least 10% dephosphorylated. 2 

Applicants wish to make other points about the Examiner's contentions: 



2 The phosvitin used by Fuj ino et al. was obtained from Sigma. Applicant has shown that 
naturally-occurring phosvitin from Sigma which was not dephosphorylated is not suitable for use 
in the present invention. See Example 1 of the present application. Assuming the phosvitin used 
by Fujino et al. was naturally-occurring phosvitin from Sigma which was not dephosphorylated, as 
contended by the Examiner, Example 1 provides evidence that such phosvitin is not suitable for use 
in the present invention. 
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First, iron is not a targeting molecule, since it will not direct a PAC to which it is 
bound to a selected cell, tissue or organ. See page 1 5, line 9 through page 17, line 22, of the 
present application. 

Second, intramuscular administration (i.e., administration into the muscle) is not 
topical administration. Topical administration means administration on the surface of, e.g., the 
skin, mucous membranes, lungs or eyes. IFS does not teach or suggest any pharmaceutical 
compositions for topical administration, since it teaches that phosvitin is to be used to treat heart 
diseases. See page 2, lines 33-40, of IFS. 

Third, pharmaceutical compositions suitable for topical administration have 
different formulations (compositions) than other pharmaceutical compositions. See page 22, line 
26, through page 30, line 8, of the present application. Similarly, pharmaceutical compositions 
suitable for topical administration to the skin have different formulations (compositions) than 
other pharmaceutical compositions, including other topical pharmaceutical compositions. See 
page 22, line 26, through page 30, line 8, of the present application. Thus, "suitable for topical 
administration" and "suitable for topical administration to the skin" are used in the claims to mean 
a difference in composition. This has now been made clearer by changing "suitable for topical 
administration" to "formulated for topical administration" in the relevant claims. 

Finally, EPACs and IPACs are intended for different uses, but also have different 

physical characteristics. See, e.g., page 5, lines 5-11, page 6, lines 6-9, page 12, lines 21-24, and 

page 13, lines 1 1-16, of the present application. 

2. Rejection of Claims 46-49, 62, 67-70, 72, 74, 

79 and 1 85 as anticipated bv U.S. Patent No. 3.966.915 

The Examiner has rejected Claims 46-49, 62, 67-70, 72, 74, 79 and 185 as anticipated by 
U.S. Patent No. 3,966,915 (Caprino) as evidenced by Fujino et al., Gamete Res., 7:249-257 
(1983). Applicant respectfully traverses this rejection for the same reasons as discussed above for 
traversing the rejection based on IFS and Fujino et al. Accordingly, Applicant also asks that this 
rejection be withdrawn. 
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3 . Rejection of Claims 46-53, 72, 74 
and 79-80 as anticipated by Jiang et al. 

The Examiner has rejected Claims 46-53, 72, 74 and 79-80 as anticipated by Jiang et al, J. 
Agric. Food Chem., 48:990-994 (2000). It is the Examiner's position that Jiang et al. teaches an 
aqueous solution containing dephosphorylated phosvitin that is considered to be a pharmaceutical 
composition. 

The claims have been amended to specify that the claimed pharmaceutical compositions 
are not aqueous solutions. Thus, this rejection is overcome. 

4. Rejection of Claim 8 1 as anticipated by Pierce 

The Examiner has rejected Claim 81 as anticipated by Pierce, Instructions for Gel Code® 
Phosphoprotein Staining Kit, pages 1-3 (2001). Applicant respectfully traverses this rejection. 

It is the Examiner's position that Pierce teaches a kit comprising a container holding 
phosvitin. However, the phosvitin is the positive control (see page 1 of Pierce) and, therefore, 
would not have been dephosphorylation (see Table 1, page 3 of Pierce). Thus, Pierce does not 
anticipate Claim 81, and the Examiner is requested to withdraw this rejection. 

E. Section 103 Rejection 

The Examiner has rejected Claims 46-47, 49, 62, 71-72, 74 and 79 as obvious over U.S. 
Patent No. 6,569,839 (McKay) in view of Kipping et al., Biochemistry, 40:7957-7963 (2001). It 
is the Examiner's position that McKay teaches a pharmaceutical composition comprising 
phosvitin and hirudin, a plasma protein. Applicant respectfully traverses this rejection. 

There is no teaching or suggestion in McKay that the phosvitin used in the compositions 
of McKay is dephosphorylated. Indeed, to function as a anticoagulant, the phosvitin would have 
to be phosphorylated. See, e.g., Church et al, FEBS Letters, 237:26-30 (1988), particularly the 
second and last paragraphs of the Discussion section (copy being submitted herewith as Appendix 
B). Thus, McKay would not have taught or suggested pharmaceutical compositions comprising 
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dephosphorylated phosvitin to those skilled in the art or motivated those skilled in the art to make 
such pharmaceutical compositions. 

It is also the Examiner's position that the pharmaceutical composition of McKay can be an 
emulsion, such as a cream. However, this is incorrect. The passage referred to by the Examiner is 
a discussion of the preparation of a solution. McKay does teach that some of the components 
used in the preparation of the solution may be in suspension or in an emulsion, if they cannot be 
dissolved in the solution carrier (column 10, lines 45-50, of McKay). McKay does not specify 
which components these might be, but phosvitin is very hydrophilic (with over 100 phosphate 
groups), and would be expected to be highly soluble in aqueous solutions. 

To the extent that the Examiner may be relying on the teachings of Fujino et al. as teaching 
that the phosvitin taught by McKay is inherently at least partially dephosphorylated or is 
inherently a kinase substrate, he should expressly state that he is doing so and explain how the 
Fujino et al. teachings apply to the phosvitin used by McKay. 

The teachings of Kipping et al. add nothing to those of McKay. The Examiner relies on 
Kipping et al. for teaching that residue Thr 45 of hirudin is phosphorylatable, but this does not 
provide any information on the phosphorylation status of the hirudin used in the compositions of 
McKay. 

It should also be noted that hirudin is not a plasma protein, as contended by the Examiner. 
It is an anticoagulant protein originally isolated from the saliva of leeches. See, e.g., P DR 
Medical Dictionary, page 799 (1 st ed., 1995) (copy being submitted herewith as Appendix C). 

Finally, as noted above, EPACs and IPACs are intended for different uses, but also have 
different physical characteristics. See, e.g., page 5, lines 5-11, page 6, lines 6-9, page 12, lines 21- 
24, and page 13, lines 11-16, of the present application. McKay does not teach or suggest using 
anything smaller than full-length phosvitin. 

For all of the foregoing reasons, the combined teachings of McKay and Kipping et al. 
would not have made the claimed invention obvious, and the Examiner is requested to withdraw 
this rejection. 
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CONCLUSION 

Applicant believes that all pending claims are in condition for allowance and such 
disposition is respectfully requested. In the event that a telephone conversation would further 
prosecution and/or expedite allowance, the Examiner is invited to contact the undersigned. 



Respectfully submitted, 
SHERIDAN ROSS P.C. 



By:. 



Date: November 15, 2006 



Robert D. Traver 
Registration No. 47,999 
1560 Broadway, Suite 1200 
Denver, Colorado 80202-5141 
(303) 863-9700 
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I. PRINCIPLE 

F ° tein kinaSli k ™»* A and 

prote n fanase G) catalyze the transfer of the r phospha.e of ATP to serine 
residues of an appropriate substrate. 

Protein + ATP >r phosphoproteb + ADP (i) 
*AMP binding and catalytic phosphotransferase suburbs ( 1-3). Holoenzvine 

ssTjaif" involves dissociation ° f a ^ ^tr:; 

RA + 2cAMp R, . eAMPj + 2C (2 ) 

^active active ' 

^^, rCfC ?w- £h V egUlat0ty C >' cijC nUcteotid4 bin * n g subunit ^d C re- 
fers to the catalytic phosphotransferase subunit. 

cGMP.depcndent protein kinase is a dimer composed of two identical 

«*™,U covalcntly linked by disulfide bonds (4-6). Holc^y! a 

by cGMP appears to involve alterations in enzyme confoJationTrougS 
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aHosterie interactions because dissociation does not occur upon cGMP bind- 

(HC) a + 2cGMP (RC), • cGMP, (3 ) 

Enzyme activity is measured by the rate of incorporation of radioactive 
phosphate from ly^PJATP into acid-insoluble protein under conditions 
where activity is dependent o n the presence of the cyclic nucleotide. The 
separate of phosphoprotein from ATP i s accomplished by acid prccipita- 
Uon of proton onto filter paper disks. When required, activity can be mea- 
ured by changes m the activity of interconvertible enzymes which arc func- 
l3i!? St r teS CyCliU nuc,CMiJc - d *P«ndcnt protein kinases. Both cyclic 
micleohde-dcpendent protein kinases specifically use ATP as phosphate do- 
nor, are preferentially responsive to their respective cyclic nucleotides and 
phosphoryUi, a variety of protein substrates (e.g., histone, protamine, ca- 
•no, phosphatase b kinase, glycogen synthetase, hormoncsensitive lipase, 
cardiac muscle troponin, fructose-U-diphosphatase, pyruvate kinase, mem- 
brane proton, etc.) (7-1 1). Histone has been most widely used as a gen- 
eral substrate for cyclic nuclcotide-dependent protein kinases 

In addition to kinase activity, the binding specificity of each enzyme for 
2 7 c,ic ,. J,UCIw : ide P«> v «<>~ *A alternate assay. Direct binding 

of radiolabeled cyclic nucleotide and subsequent separation of the cyclic 
nuclcotrfe-proteln complex from free nucleotide by retention on MiHiporc 
fil.ers provides a convenient and rapid assay. 

II. MATERIALS 

1. Kinase assay. The kinase assay requires the following materials: 
*Test tubes (6 x 50 mm) and test tube rack 
Tipets, microliter (Lang-Levy) 

Paper filter disks (Whatman 3MM, 2.4 cm) 

Pins (stainless steel) 

Styrofoam board (packing material) 
♦Water baths, 30 and 90°C 
*Pipcts (Pasteur) 

Infrared lamp 

♦Counting vials (22-mm neck) 
♦Scintillation counter 

2 Binding essay. In addition to starred items above, the binding assay 
requires the following items: S Y 

MilKpore filters (25 mm, 0.45 /ua) 

Filter apparatus, an apparatus with 10 filter spaces is convenient (Hoefer 

Scientific). 
Reagent bottle, dispensing (5 ml) 



>ccur upon cGMP bind- 
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HI. REAGENTS 

Potassium phosphate, monobasic (KH,PO,> 
ZT SlUm P hos P hale . Phasic (KMPOI 3 H,0) 
*M4gn M ,um chloride (MgCl, ■ 6 H,0) } 
*Dithiothreitol (DTT) 

Ketone H2b (type VIT, Sign* Chemical Co.) 
Ad enownc S'-triphosphatc, dipotassium salt ATP) 
A ^£^ salt, W0 

scribed by l^Z 2 ISS^E? " " * 

Adenosine 3',5'-cyclic monophosphoric acid (cAMP> 

Bthimol, 95% 
Ethyl ether, anhydrous 
* Toluene 

*2,5-DiphenyloxazoIe (PPO) 
*l,4-bi S f2-f5-.Ph t -i, y lox a2 oly!)]bc^ C ne (PQi>OP) 

4™tqs m addi,iM - — -i- *v, ,„ e Mo * ng 

Bovine serum albumin (BSA) 

t^^^*--^-, „„, 1() .3„ a/ 

IV. PREPARATION OF SOLDriONS 
A. Kinase Assay 

1-000 ml. Ad ust P H 2i5 S g KHiP °< b Watef and dil ^ '<> 

^ZXr ( ° J M) ^ ™ « W • 6 H,0 in wa- 
4." ^^(7/tMf J r? !Ve , 10mghi5tOnein 1 — 

in I ml 

r^P]ATP/ml. Concentration of soh^ 2 X W Cpm ( ~ 01 mC *> 

mrf»»e. « 259 am S = Ts fx W "^"^ de "™™<* by ab- 

15 J X 10 J - Add water as needed to bring con- 
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Feared from 100% stock soluSoT ° Uk! be fresh, y 

7. Scintillation solution. Dissolve 4 0 = P»r> j r„ 
ml toluene, 8 4 ' 0 8 PK> and 50 mg POPOP j n 1 ,000 



B. Binding Assay 

from stock solution obtained from muL^ C^ST^ T*" b made 
is determined by absorbancc at 256 f ?f " tratlon of stock action 

dard assay conditions q P [ H]CydlC nuc,Cotid « bound under stan- 

V. ASSAY PROCEDURES 
A- Cyclic N^eotidcDcp^odenl Protein Kfc asc Asszy* 
Ta Pjpet into a ^ ice-cold test tube (6 x 50 * m ) the reagents shown in 

action by micropi transf ^ f g> «Md I innate for 10 min. Stop the 
a numbered (with sof, lead p,„ci ) It njl i L^tT?^ mittu * ™° 
a styrofoam board with a pK E disk 2 "* 18 SUpp0Ued above 
ferred to a beaker of ice^d 1 0% P Tc A 5 m SSfX"**"* 
stand 15 min. The pin provide l v ^; ; and allowed to 

*e disk, during thfwa^ ^S^A ^'f " d ^ * """^ 



TABl 



Additions 



PO,.DTT buffer 
Histone (10 ni a / n 
MgCMO.l m) ' 
HoO or cAMPUC 
HiO or cGMP (!( 
&uyi»« (2-40 U/ 



each in 95% cthai 
moved, and the di< 
vials with 1 ml scii 
Assays arc gcn< 
in the absence of 
dependent activity 
oAJMP oi wQMP. " 
the presence of hi, 
incorporation in tl: 
strafes, Kndogenoi 
zyme, although aui 
and cGMP-depend 
us«d oi with [y- M P 
dependent protein 
heat- and acid-sta 
pendent protein kii 
provides data obta 
PK1 utilizing the ; 
Uie enzvmie rate is 
with histone H2b i 
In addition to t 
therefore the conce 
selectively detennii 
present (Table 3). 
oration used. cAMf 
[Mg"j (30-50 m 
not affected (15). J 
tion of protein con 
pendent protein kii 
dependent protein J 



•nto a 2,4-crn paper filter 

re (7-40 kinase units 
incorporated in histone 

ml water. Due to the 
lulio0 S should be freshly 

50 mg POPOP in 1 ,000 



I solutions are required: 
ml water, 

>priate dilution is made 
ration of stock solution 
x 10 s ) <« 252 (E m = 

0-500 binding V/ml). 
'tide bound under start- 

' (PM) {30 mu potas* 
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the reagents shown in 

TP solution, mix, and 
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disk) and allowed to 
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TABLE 1. fraction mixtures hr protein kins , 9 a 



H.O 


20 




PO.-DTT buffer 


!0 


Hisrono (10 mg/ral) 


5 


5 


M 9 CI„ (0.1 m) 


5 


5 


H,0 or cAMP (I0-» M) 


5 


15 


H 4 0 or cGMP (10- «] 


5 




En=ymo (2-40 U/ml) 




5 


[?- 3t P]ATP (5 X 10-' m) 


5 
5 


5 
S 



each in 95% ethanol, cthanol-cther (1,1 v /v) and ether Th* ™„- 
vmis witr, i mi scinniiiition solution, and counted. 
Assays are generally performed in duplicate, and a blank is determined 
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TABLE 2. camp. 8nd cGMP . dspen(fgnt 




Histune -f PKI 
Protein kinase a 
Protein kinase A + P«i 

»'*'one + protcln k [„ 0M A + pK( 



100 _ 



19,420 
1,610 



Protein Mnas 

Hi s r<, ne + PK) 
Protein kinase G 
Protein kino,, G + PK| 
"istone + protein kino.c G 
^H.atone + p ro t e i n kinase G + p K | 



- cGMP +cGMP 



-cGMP -f-cGMp 



"The 5 



weeing activity 0 f ornioin Li. ■ 

respective Th. amount of i?^ .J2 ase A an(i Bro, «'" Wna.* q i* «, 

prawn kinase activity was aXtaiSd W ° 8 SUCfl ,hat C "»P'<"« Inhibit,' 

'Jonvei sion factor = Obser ved 6 ( 



9?,8 

107.0 



kinase activity, th e aciitv « d ^ l ° cGMp ^peade at pro _ 
"rve to differ^ betwS^uS^f ,S * PKI 

^^ntsofeachcnzymepre^t ° dete ™^S the Native 

^S^S FOle , 

from the cAMp.. d ,p en de„t WCI^Jy chro^ato^ 8 1 be Se l™ 

The modulator protein ^luulaies LjSf tofir * phy 0n O-l 00. 

Jta. hi**, is Ld us «*7,STt£^E ^ ^ """" 
defined conditions to specifica, v v^^SiT** b< = USed Unde ' 
proiem is limited to history substrates *" effect of ffl °*»l»tor 




(40 KIM) to tihe a, 
activity is also sens 
in tissue extracts, 
ether) N,N'-i<strsace 
nucleotide concentc 




FIG. 1. Specificity of a 
lyzed by protein kinase 
in the ta.xl with arnoun 
observed with protein 
kinase G assay conditio 
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««• inhibition of sAMP-dependent 



vity seen in the cAMP-de- 
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be presence of PKI should 
in determining the relative 

if cGMP-dependent protein 
lis protein can be separated 
siphy on Sephadcx G-100. 
lent protein kinase activity 
r protein can be used under 
P -dependent protein kinase 
at the effect of modulator 

y on the use of endogenous 
me preparations may also 
the addition of iuoride ion 
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" Tho specific activity of p 
respectively, 

J 30 mM MaC! t , 0.1 /iM eGMP', 



0 Is 81 U/m S and 786 U/mg, 



activitv i ,u T y £ . bee " Cmp,CyeJ 10 mini ™ ze lhis effe <* Kinase 
act vity i, also sensitive to inhibition by calcium ion which may be present 

e"th eT^T^ H ° NVeVer ' ChC,aU011 ^ ^yl^ycol-btsf^nnSt; 
nttiS, ™ aC<iUc aCil1 (0 - 25 mM > can alleviate this effect The Sc 
nucleottde concentration can be affected by the presence of phosphodSt ! 




ENZYME (pg) 

^by"^^ cat. 
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t»w. Kinase, cQMP (1 0 J Zd £ 4 ' iilMd pLJfif,ed oQMP.d5i»n*nt Co 
pk, itched bars , w.,h Wp^t^i-Si ° P€n 

reliable assay. TCA pr^i ZL ? ^ t0 a 

Of more basic .utataU^ ^ —very 

'hem completely insoluble. Despitl the SluSrv? h ^ ♦ ^ 10 
«*J* and the prepare* J^ftTcJS? T T™ 
used in specific instances. The L C S C tv nf ,1 ' * SUbStmes have h ™ 

for natural substrates of each e™" WhT V,t} ' ^ Whtn ? robjn g 
undertaken, care must be aken TLl ^JT*™™ ° f SubstratCs ™ 

ways. An alternative to the dm^S? 5, (t P 1 ATP in a variety of 
P-duc along with a En tch * b^'* * * P-cipi.at/the 
product on a glass-fiber disk or Lt ^ &hci * ld wash 

advantage of utilizing special papewSve IT • Pr ° CedWe ° fe 
product but is at a SJLatgta^ 3? 10 * of 



tion tube has been ci 
disk methods and , : s 
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ADP production ca 
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assay of specific etuy 
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kinase, glycogen sy 
These methods offer 
of substrate but are 
the roultistep assay s 
measured, it is desir 
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protein kinase, cG!V 
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FIG. 3. Reversible dea 
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wa3 Immediately passs 
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added and Incubation 
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i cGMP-depandent protein kinase 
sd purified cGMP-dependent pro- 
HA), and pki and/or modulator 
»U by Dr. John Khoo.) 



incs or other inhibitors of this 
used for this purpose, 
nceotrations used, is another 
xssured in order to achieve a 
'pears adequate, but recovery 
Vtwtgstate reagent to render 
y characteristics of protamine 
i, these substrates have been 
enzyme used for a particular 
ual activity and when probing 
omparisons of substrates are 
the apparent differences ob- 
:ovcries. 

ed to determine kinase activ- 
:|V 2 PJATP in a variety of 
Method is to precipitate the 
ISA and filter and wash the 
r. This procedure offers (he 
'gents in the precipitation of 
fitters and in being a time- 
product directly in the reac- 



tion tube has been employed in the past but offers no advantage to the filter 
disk methods and is time-consuming and cumbersome as well. 

When substrate precipitation is not possible, such as with small peptides, 
ADP production can be monitored with an NADPH-dcpendeut-coupled 
enzyme system utilizing pyruvate kinase and lactuto dehydrogenase. Other 
methods for measuring kinase activity include the activation and sxtbsequent 
assay of specific enzymes known to be substrates and whose activity is greatly 
influenced by the degree of phosphorylation incurred (e.g., phusphurylase 
kinase, glycogen synthetase, pyruvate kinase, hormone-sensitive lipase). 
These methods offer an obvious advantage in the determination of specificity 
of substrate but are undesirable for routine use owing tu the complexity of 
the multistep assay systems. When the activity of interconvertible enzymes is 
measured, it is desirable to demonstrate reversibility by using phosphatase. 
Art example of such an approach is shown in Fig. 3. Adipose tissue hormone- 
sensitive lipase, which was activated by incubation with cGMP-dcpendent 
protein kinase, cGMP, and ATP • Mg, was inactivated by incubation with 




10 20 30 

TIME (MINI 

FIG. 3. Reversible deactivation of hormone-sensitive lipase. Chicken adipose tissue 
lipase was fully activated with cGMP-depondett protein kinase. The activated enzyme 
was immediately passed through a Sephadex G-5Q column to remove ATP, cGMP 
and Mg 5 \ Purified bovine heart phosphorylaeo phosphatase and 5 mM MgCI, wet« 
added and incubation was carried out at 3tTC (O) Reactivation of the deactivated 
lipase was effected at 20 ntin by adding ATP, cQ'MP, and cGMP-dependent protein 
kinase with further Incubation for 10 min at 30 C C (&). Basal lipase activity prior to 
activation was 13 nmoles ti-oe fatty aol« relcoaed/mg protoWhr. From KI100 et al, 
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again observed. activation of the hormone-scnsifive lipase was 

»• Cyclic Nucleotide Binding Assays 
Pipet into a small test tube (6 x Stl ™™i ,u 

Start Apto*. ,e aclioils witl uf e ad d o 0^'"* listed in ™° *• 
a water bath (30°C) and incubate forfZ s lh " enzyrae .™ d tf ™^ to 
r«ng the entire mixture with a Pasteur 2^' t P S re<,Cti ° n by tr * nsf ^ 
containing 5 mI icc „ coUl pm bu iS l'^, " M f P*"* fi,tor res< = rv ™ 
3 times with the same coK I bSr to «£L T and fflter - Wash the filte »' 
final rinse of the filter. S Unbound labcled nucleotide. A 

Plastic bottlc w £ ^cfuTbSScT! 0 ^^? buffer f *™ ' 
are dried for 10 min «nd w a heat i!™^, V- Vd ° f radioacth %- ™*«» 
5 ml scintillation fluid, and coun edTblf " "I-™?* 0 * vials a,on S 
without enzyme. ' A b ' 4nk re3ct,on ,s «™™ly performed 

* observed i» «J ^ ^ JSS 1 *^ ~ 1 S * > <* *>* 
fon, the enzyntes demonstrate LXnS;? * St * geS of P nrifica ' 
recovered compared to crude i § tr c "/ the total bi ^"g activity 

substances i n etude rJn?Zi o th " presence of inhibitory 

cydic nuclei. cJTLJSr.fr ? °' b °"' "'"" ><1 md 

«» e s „ biMces wM c x °™s „, M s B 



, TABLE floacf/on ^ ftfr, tfffg a4says 



H.,0 



PO^DTT buffer 
M9C! a (0.1 m) 
1'HJcAMP (2 X 10- 
PHJcGMP (2 X TO' 
BSA (10 mg/ml) 
Eniym* (10-500 U/ml) 



sensitive to sulfh 
5,5'-dithio-bis-2-r 
routine cmantitat 
maintained reiath 
sites. To ensure $«- 
should be bound 
Both cyclic nut 
kinases in a comp 
the proper nucleo 
fold, Because the 
is similar to that 
cyclic nucleotide ( 
enzymes in tissue 
illustrated in Tab) 
binding to protei 
['H)cGMP bindin 
cifically inhibits [ 5 
of ['HjcAMP bine 
t'ons, 0,1 mM unl 
■ dependent protein 
suppress crossover 
Because the tw< 
unit slnicture, cen 

TABLE 5. $po< 



cAMP 

1 x io- 7 1 

5 X 10-' , 
1 X 10-" i, 



nucleotide aa Indf 
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i protein kinase and cofactors 
o hormone-sensitive lipase was 



ling Assays 

the reagents listed in Table 4. 
of the enzyme and transfer to 
Stop the reaction by transfer- 
to a Millipore filter reservoir 
:uum and filter. Wash the filter 
unbound labeled nucleotide. A 
noved with cold buffer from a 
d level of radioactivity. Filters 
id in counting vials along with 
reaction is routinely performed 

actions proceed without exoge- 
ion ('-15%) of both enzymes 
During early stages of purifica- 
ases in the total binding activity 
iting the presence of inhibitory 
losphodiesterase, as mentioned 
tkant levels of both bound and 
so limit the amount of protein 
i9 presence of other Millipore 
sr of Millipore retention sites 
i. Therefore, binding should be 
mt of protein used. The usual 
n per filter. Binding activity is 



sensitive to sulfhydryl-specific reagents (e.g., p-chloromercuribenzoic acid, 
3,y-dithio-bis-2-nitrobcnz:oic acid), an effect that is overcome by DTT. For 
routine quantitative assays, excess levels of cyclic nucleotide should be 
maintained relative to binding sites to ensure maximal saturation of available 
sites. To ensure saturation, less than 25% of the total cyclic nucleotide added 
should be bound at equilibrium. 

Both cyclic nucleotides bind to the cyclic nucleotide binding sites of both 
kinases hi a competitive manner (17,18). Specificity is such that the K D for 
the proper nucleotide exceeds that of the other nucleotide binding 10- 100- 
fold Because the cyclic nucleotide specificity of each enzyme for binding 
is similar to that of kinase activation, appropriate concentrations of each 
cyclic nucleotide can be used to approximate the, relative amounts of the two 
enzymes in tissue extracts (17-19). An example of nucleotide specificity is 
illustrated in Table 5. Unlabeled cAMP effectively competes with ["HJcAMP 
binding to protein kinase A but is a much less effective competitor of 
[ 8 H]cGMP binding to protein kinase G; conversely, unlabeled cGMP spe- 
cifically inhibits ["HJcGMP binding to protein kinase G. For routine analysis 
of [ a H)cAMP binding to cAMP-dependent protein kinase in impure prepara- 
tions, 0.1 im unlabeled cGMP is added to suppress crossover to cGMP- 
. dependent protein kinase; conversely, 0.1 /xm unlabeled cAMP is used to 
suppress crossover of ( s H]cGMP to cAMP-dependent protein kinase. 

Because the two cyclic micleotide-dependent protein kinases differ in sub- 
unit structure, centrifugation on glycerol or sucrose density gradients can be 

o protein Wfiase A etntf 



Addition 


Protein kin 


OJC A 


Protein k 


nose C 


cpm 




cpm 


prciol 


Nono 


13,630 


0.673 


6,420 


0.573 


cAMP 










1 X 10-' M 


7,400 


0.366 


6,060 


0,541 


5 X m 


2,680 


0.133 


3,980 


0.355 


I X 10~ s M 


1,390 


0.069 


3,810 


0.340 


s x io- J M 


310 


0.015 


2,630 


0.235 












I X 10"* to 


13,670 


0.67B 


3,460 


0.309 


5 X 10" m 


12,290 


0.609 


1,440 


0.129 


1 X 10-" (A 


13.400 


0663 


l.Oift 


0 093 


5 X 10-' « 


12,800 


0.634 


290 


0.026 



♦Binding was porformod as dascribed In the text with 67 binding U protein kinase 
A and 1 X 1D"? M [«H)cAMP <i>o,?aj nprn/pmols) or with S7 binding U ptoww tdnase 
G and 1 X 10-' M f'HJcGMP (11,200 cpm.'pmoie) In tha presence ol unlabeled cyclic 
nucleotide a* Indicated. 
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ies iu usspuusc to cyclic 
: levels of the two enzyme 
cAMP-dependertt protein 
ig dimes and the catalytic 
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:ty of reaction conditions. 
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Ovolbumin 




10 15 20 



A and protein kinase <3, Pro- 
nel A) and presence of 50 nM 
ir sucrose gradlem In 50 mM 
, 5 mM MgClj, and centrifugsd 
■tain kinase G (1 u/o.2 mi) in 
m ('HlcGMP (panel D) was 
10 mM KH 3 PO„ pH 6.6, and 
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bratcd at the experimental temperature. At time zero, the protein preparation 
is added to the incubation mixture with stirring; the association reaction is 
stopped at the desired time by diluting into 5 ml of cold wash solution in the 
Alter reservoir; the bound complex is rapidly isolated by filtering. 

The rate of dissociation is determined by allowing the standard binding 
assay to reach equilibrium with [ s H]cyelie nucleotide binding to the regula- 
tory subunits. At time zero, a 1,000-fold excess of unlabeled oyelic nucleotide 
is added; after additional incubation for varying time periods, the dissociation 
reaction is stopped by filtering the incubation as in the standard assay. Al- 
ternatively, at time zero, the reaction mixture can be diluted 1 OO-'I .OOO-fold. 

By performing assays under varying conditions of temperature, pH, and 
ionic strength, the reaction optima and the thermodynamic parameters for 
the cyclic nucleoiide-proteiti interaction can be determined (20,21). Other 
compounds can also be tested for their effect on this interaction. For example, 
ATP has been found to specifically decrease the affinity of cAMP binding to 
form I of the cAMiMependent protein kinase (3). 

Competitive protein binding assays for quantitation of cAMP and cGMP 
have been developed using the appropriate cyclic nucleotidc-dcpeiident pro- 
tein kinase (22-24). hi addition, cGMP (25) and cAMP (26) have been 
quantitated from the extent of activation of their respective cAMP-depcndent 
protein kinases. 
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finger, hippocra 



lils. under nail, school. 



"■^iHWcrat'ik). Relating to. described by. or at- 
"•----"les. 

An oath demanded of physicians about to 
'--of their profession, the composition of which, 
ributed to Hippocrates of Cos. is probably an 
he Aescle] i It ipP' " in 1 book of lhc 
n as follows: 

-the physician, by Aesculapius, Hygeia, and 
"o witness all the gods, all the goddesses, to 
ty ability and my judgment the following 

a to me as my parents him who taught me this 
ommon with him and if necessary to share mv 
ip look upon his children as my own brothers, to 
lit if they so desire without fee or written prom- 
my sons and the sons of the master who taught 
ciples who have enrolled themselves and have 



hir su ti es (her s 

sutus, shaggy] 
hir sut ism (her'; 



1'te-ez). syn hirsutism. [Mod. L. fr. L. hir- 



■wiiy of Ti) !ifi i 
'is in whom the 
B be performed 



/prac 



(special 



, the 



,vill leave 



n this 



only for the good 
ing myself far from all intentional ill-doing 
ill pleasures of love with 
laves All that may come to 
i exercise of my profession or outside of my 
/commerce with men. which ought not to be 
ikeep secret and will never reveal If I keep 
may I enjoy my life and practice my art, 
l and in all times; but if I swerve from it or 
sverse be my lot." 



ent pupillary dilation and constriction, 
urination, convergence, or psychic stimuli [G 
a fancied suggestion of galloping move- 



-ti/.m) Presence of excessive bodily and la- 

, n a male pattern, especially in women; may be 

, , | hill us an expression of an ethnic charactet 
istic oi may develop in chikhen oi adults as the icsult ot andio- 
gen excess due to tumors or drugs, or nonandrogenetic drugs. 
syn hirsuties. pilosis. [L. lunulas-, shaggy! 
Apert's h., h. caused by a virilizing disorder of adrenocortical 

constitutional h., mild to moderate degree of h. present in an 
individual exhibiting otherwise normal endocrine and reproduc- 
tive function. 

idiopathic h., h of uncertain one,, in o ten vho may addi- 
tionally exhibit menstrual abnormalities and infertility. 

hit- tel lous (hn'te-lus). Having or resembling fine hairs; term 
describing the filamentous protein po hand oattng ot mi- 
crovilli, see glycocalyx. [L. hirnis. hairy, shaggy] 

hir u di cide (hi-ru'di-sld). An agent that kills leeches. [L. hint- 
do. leech, + caedo. to kill] 

hir u din (hii'yu-din). An anlithrombin substance extracted hom 
the salivary glands of the leech that has the property of prevent- 
ing coagulation of the blood, [L. hirudo, leech] 

Hir u din ea (hir'u-din'e-a). Tire leeches, a class of worms (phy- 
lum Annelida) with flat, segmented bodies, a sucker at the 
posterior end m. otten i smaller tie! . it (he ni 
are predatory on invertebrate tissues, or feed on blood and tissue 
exudates of vertebrates. [L, hirudo, leech] 

hir u di ni a sis (hi-ru-di-nT'a-sis) A condii i ti 

leeches attaching themselves to the skm or bei t i < i 
mouth or nose while drinking [L hirudo. leech. + G. -tasis, 
condition] 

hir u din i za tion (hi-rfikli-nT-za'shun) 1. The process ot ren- 
dering the blo.nl noncoagulable by the injection of hirudin. 2. 
The application of leeches 

Hir u do (hi-ru'do). A genus of leeches (class Hirudinea. family 
Gmtthobdellidae) Species previously used in medicine aie: // 
au.slialis. Australian leech; H 

iitpta ot H iroaina, a leech of northern Mr v. H im • • 
speckled, Swedish, or German leech, the species previously in 
most general use H m t ' n , 1 t 

piovincialis. the eieen or Hungarian leech; hi quinquesmuta. 
live-siiiped leech'U- 'ccch| 
His, Wilhelm, Jr., Gei man physician. 1863 l°?-'f. srH M s hand 
bundle H bundle electrogram; H 's spindle; Kent-H. bundle; 



vilhelm. Sr., Sw 



st and embryologist in Germa- 

coptda. line. rule, perivascular space: 



His- Symbol for histidyl. 
-His Symbol for histidino. 
His. Symbol for histidine. 

Hiss, Philip, U.S. bacteriologist. 1868-1913 see H 's 
his ta mi nase (his-tam 'i-nas). syn amine oxidase 
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We have examined the antithrombin effects of various phosphate-containing polyanions (including linear polyphos- 
phates, polynucleotides and the phosphoserine glycoprotein, phosvitin) on the glycosaminoglycan-binding plasma pro- 
teinase inhibitors, antithrombin III (ATIII) and heparin cofactor II (HCII). These phosphate-containing polyanions ac- 
celerate the HCII-thrombin reaction, as much as 1600-fold in the case of phosvitin. The HCII-thrombin reaction with 
both phosvitin and polynucleotides appears to follow the ternary complex mechanism. The HCII-thrombin complex is 
rapidly formed in the presence of these phosphate polyanions (each at 10 //g/ml) when '"I-labeled thrombin is incubated 
with human plasma (ex vivo). None of these phosphate polyanions accelerate the ATIII-thrombin reaction. Our results 
suggest that the antithrombotic effect of these phosphate-containing polyanions is mediated by HCII activation and not 
by ATIII. 

Heparin cofactor II; Antithrombin III; Phosphate polyanion 



1. INTRODUCTION 

Heparin is a glycosaminoglycan that is used 
therapeutically as an anticoagulant [1]. The anti- 
thrombin activity of heparin is effected through in- 
teraction with two plasma glycoproteins, anti- 
thrombin III (ATIII) and heparin cofactor II 
(HCII) (for review see [2-6]). ATIII inhibits all of 
the proteinases involved in intrinsic blood coagula- 
tion 16]. The coagulation proteinase specificity of 
HCII is limited to thrombin [7]. 

The structure of the heparin (polyanion)-binding 
sites in ATIII and HCII remain to be fully 
elucidated. However, the antithrombin action of 
heparin is attributed in part to its ability to bind 
both inhibitor (ATIII/HCII) and thrombin to 
form a ternary complex ([8-10] and references 
cited therein). Dermatan sulfate also accelerates 

Correspondence address: F.C. Church, Division of 
Hematology, Campus Box no. 7035, 416 Burnett-Womack 
Bldg, University of North Carolina, Chapel Hill, NC 27599, 
USA 



the HCII-thrombin reaction but it has essentially 
no effect on the ATIII-thrombin reaction [11-13]. 
We studied the interaction of various phosphate- 
containing polyanions with HCII and ATIII to ex- 
amine further the specificity of the heparin (poly- 
anion)-binding sites of these proteinase inhibitors. 

We report here that the antithrombin action of 
various phosphate-containing polyanions (in- 
cluding linear polyphosphates, polynucleotides and 
phosvitin, a phosphoserine glycoprotein) is 
mediated through HCII and not through ATIII. 
The findings further suggest that these phosphate- 
containing polyanions are potential therapeutic an- 
tithrombotics. 

2. EXPERIMENTAL 

2.1. Materials 

HCII, ATIII and thrombin were prepared from human 
plasma as described previously [14,15] and their purity assessed 
by SDS-polyacrylamide gel electrophoresis (SDS-PAGE). 
Linear polyphosphates, polynucleotides, phosvitin, poly- 
(ethyleneglycol) (Mr = 8000), and salmon protamine sulfate 
were obtained from Sigma (St. Louis, MO). Dansyl-Glu-GIy- 



26 



Published by Elsevier Science Publishers B. V. (Biomedical Division) 
O0145793/88/$3.5O © 1988 Federation of European Biochemical Societies 



Volume 237, number 1,2 FEBS LETTERS 



Arg chloromethylketone (DEGR) was from Calbiochem (La 
Jolla, CA). Activated partial thromboplastin time (aPTT) 
reagents were obtained from Pacific Hemostasis (Ventura, CA). 
'"Mabeled thrombin (with approx. 3 x 10 17 dpm/mol pro- 
teinase) was prepared as detailed previously [16]. DEGR- 
thrombin [10] and lysine-modified HCII [17] were prepared 
essentially as described previously. The M T values and extinction 
coefficients (ml- mg _1 • cm" 1 at 280 nm) were taken as 65 600 
and 0.593 for HCII, 56600 and 0.624 for ATIII and 36600 and 
1.75 for thrombin [5], 

2.2. Assays 

HCII (and ATIII) activity was determined by measuring the 
rate of thrombin inhibition in the absence and presence of either 
heparin or the phosphate-containing polyanions in 50 mM tri- 
ethanoiarhine-acetate, 100 mM NaCl, 0.1% poly(ethy!ene- 
glycol) buffer at pH 8.0 and 25°C with at least a 10-fold molar 
excess of proteinase inhibitor to thrombin as described previous- 
ly [5, 14, 1 5] . Inhibition rate constants were calculated as detailed 
[16]. The anticoagulant activity of the phosphate-containing 
polyanions was measured using an aPTT clotting assay follow- 
ing the manufacturer's procedure. 

2.3. Other determinations and methods 

The kinetic model and association rate equations used in this 
study assume that the heparin-catalyzed ATIII- or HCII- 
thrombin reaction is analogous to a bireactant enzyme- 
catalyzed reaction that follows a random order mechanism as 
described previously [8]. PAGE was performed in the Laemmli 
buffer system with 7.5% polyacrylamide gels [18]. Plasma in- 
cubation with '"i-Iabeled thrombin was performed essentially 
as described previously [12,16]. Extrinsic fluorescence 
measurements of DEGR-thrombin in the absence and presence 
of various polyanions were performed as described [10]. 



3. RESULTS 

The effect of linear polyphosphates on thrombin 
inhibition by HCII and ATIII was investigated. 
Tripolyphosphate enhanced the rate of thrombin 
inhibition by HCII, but not by ATIII, in a dose- 
dependent fashion (fig.lA). The maximal increase 
in activity (~ 60-fold) was similar when the 
nucleotide analog, ATP, was substituted for tri- 
polyphosphate in the reaction (fig.lA). Larger 
polyphosphate species (with average phosphate 
chain lengths ranging from 4 to 65) also accelerated 
the HCII-thrombin reaction maximally more than 
800-fold but with no effect on the ATIII-thrombin 
reaction (fig. IB). 

In order to examine the influence of the non- 
phosphate components of polyphosphate-contain- 
ing compounds, we compared various polynucleo- 
tides in their ability to augment the rate of the 
HCII-thrombin reaction. The rate of thrombin in- 
hibition by HCII in the presence of synthetic 
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Fig . 1 . Thrombin inhibition by HCII (A, A) and ATIII ( O , ■) in 
the presence of (A) tripolyphosphate ( A , a ) or ATP ( A , ■) and 
(B) polyphosphates with average chain lengths ranging from 4 to 
65 (each at 1 mM in phosphate) ( A , □). The inhibition reaction 
was performed as described in section 2. 



Table I 

Effect of synthetic polynucleotides on the inhibition of 

throm bin by HCII 

Polynucleotide" R ate enhancement (-fold)" 

Poly(guanylate) 4^0 
PoIy(adenylate, guanylate) 430 
Poly(inosinate) igo 
Poly(guanylate, uridylate) 135 
Poly(uridylate) 23 
Poly(adenylate) 21 
Poly(cytidylate) 12 

■ With the exception of poly(G) which was lO^g/ml, the poly- 
nucleotides were 100/,g/ml in the HCII-thrombin reaction as 
detailed in section 2 

b The relative rate of enhancement was compared to the rate 
constant of thrombin inhibition by HCII in the absence of any 
polyanion 
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Fig.2. Apparent second order rate constants (ki) for thrombin 
inhibition by HCII ( A) and ATIII («) as a function of phosvitin 
concentration. Inhibition reaction conditions and rate constant 
determinations are detailed in section 2. 



polynucleotides was significantly greater than the 
rate measured in the absence of any polyanion 
(table 1). The maximal effect on HCII-thrombin 
was exhibited by guanylic acid-containing species. 
The polynucleotides did not enhance the ATIII- 
thrombin inhibition rate. 



The ability of phosphate groups to accelerate the 
rate of thrombin inhibition by HCII was further in- 
vestigated with the phosphoserine-containing 
glycoprotein, phosvitin. Fig.2 depicts the concen- 
tration dependence for stimulation of the HCII- 
thrombin reaction rate by phosvitin. The rate con- 
stant for thrombin inhibition by HCII increased 
from 5 x 10 4 M _1 • min" 1 (in the absence of phos- 
vitin) to 8 x 10 7 M _1 • min" 1 as the phosvitin con- 
centration increased from 0.05 to 30/zg/ml and 
then decreased as phosvitin was increased above 
30 ftg/m\. The relationship between poly-(guanyl- 
ate) (poly(G)) and poly(adenylate, guanylate) con- 
centration and the rate of HCII-thrombin inhibi- 
tion was similar to that of phosvitin (not shown). 
As found for the other phosphate-containing poly- 
anions, phosvitin had no effect on the ATIII- 
thrombin reaction (fig.2). 

The kinetic mechanism of the phosvitin- 
catalyzed HCII-thrombin reaction was evaluated 
by varying the HCII and thrombin concentration 
at a fixed phosvitin concentration (fig.3). Satura- 
tion kinetics were observed with apparent dissocia- 
tion constants for HCII-phosvitin and thrombin- 
phosvitin of 690 and 10 nM, respectively. A similar 
kinetic analysis for the poly(G)-catalyzed HCII- 
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are plotted as described in section 2. 
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thrombin reaction yielded apparent dissociation 
constants for HCII-poly(G) and thrombin-poly(G) 
of 520 and 15 nM, respectively. 

Lysine-modified HCII (phosphopyridoxylated 
to an extent of 4 mol of reagent incorporated/mol 
protein) and DEGR-thrombin were used to assess 
the importance of phosphate-containing polyanion 
binding to both inhibitor and proteinase during 
thrombin inhibition. Modified HCII lost > 80% of 
the heparin (and dermatan sulfate) cofactor activi- 
ty compared to the unmodified proteinase in- 
hibitor. Enhanced thrombin inhibition In the 
presence of phosphate-containing polyanions [for 
instance, poly(G), phosvitin and polyphosphate 
(average chain length of 65)] was greatly reduced 
(an average of 84%) with lysine-modified HCII. 
Poly(G) and polyphosphate (average chain length 
of 65) produced an extrinsic fluorescence signal 
enhancement (~3-foId) in DEGR-thrombin, in- 
dicating that their binding altered the environment 
of the dansyl moiety in the active site of thrombin. 

Calcium and protamine were added to phosvitin 
and poly(G) to investigate the importance of the 
polyanion charge on the HCII-thrombin reaction. 
The phosvitin-catalyzed HCII-thrombin reaction 
was inhibited more than 97% with rate constants of 
6.6 xlO 6 and < 1.6 x 10 5 M~' min -1 in the 
absence and presence of calcium (10 mM), respec- 
tively. Protamine (at a 100-fold excess by weight) 
eliminated >98% of the poly(G) effect on the 
HCII-thrombin reaction. 

The anticoagulant activity of phosvitin, poly(G) 
and polyphosphate (average chain lengths of 5 and 
65) was assessed in plasma. In an aPTT clotting 
assay, heparin (by weight) is about 100 times more 
potent as an anticoagulant in plasma than these 
phosphate-containing polyanions. 

The ability of various phosphate-containing 
polyanions to activate HCII was further in- 
vestigated in a plasma system. This ex vivo system 
consisted of incubating I23 I-labeled thrombin with 
plasma and then analyzing the reaction products by 
SDS-PAGE and autoradiography. As shown in 
fig.4, incubation of 125 I-labeled thrombin with 
plasma either in the presence of phosvitin, poly(G) 
or polyphosphate with a chain length of 65 (each at 
10 pg/ml) was correlated with incorporation into a 
complex with HCII. There was no increase in the 
amount of 125 I-labeled thrombin incorporated into 
a complex with ATIII (fig.4). 




Fig 4. Activation of HCII in human plasma was assessed by in- 
cubatmg Mabeled thrombin (T) (5 nM), for 10 min at 25°C 
m otrated plasma (diluted 1 :50) in the presence of phosphate- 
containing polyanions (each at 10^g/ml), followed by SDS- 
PAGE and autoradiography as detailed in section 2. T, purified 
A 1 111-hepann and HCII-dermatan sulfate complexes with T are 
shown in lanes 1-3, respectively; the plasma system with phos- 
vitin, poly(G) and polyphosphate (average chain length of 65) 
are in lanes 4-6, respectively. 



4. DISCUSSION 

In the present study we have shown that various 
phosphate-containing polyanions greatly enhance 
the rate of the HCII-catalyzed thrombin inhibition 
reaction m vitro. Furthermore, the HCII-thrombin 
complex is rapidly formed when ,25 I-labeled 
thrombin is incubated with human plasma (ex vivo) 
in the presence of either phosvitin, poIy(G) or poly- 
phosphate. In all cases, these phosphate-containing 
polyanions have no effect on the ATIII-catalyzed 
thrombin reaction in vitro or ex vivo. 

HCII is apparently activated by the multiple 
negative charges of these phosphate polyanions 
since the polyanion effect can be negated by com- 
plying the phosphate with calcium or protamine 
The effective phosphate polyanions must also 
possess a specific structure for maximal accelera- 
tion of the HCII-thrombin reaction, as shown by 
the range of rate constants for thrombin inhibition 
by HCII in the presence of various polynucleotides 
(also see [19]). 

The characteristics of the phosvitin- and poly- 
nucleotide-catalyzed HCII-thrombin reaction are 
similar to those found for HCII and thrombin in- 
teractions with heparin or dermatan sulfate 
[8-10,12,17]. The results with chemically modified 
HCII illustrate the importance of phosphate poly- 
anion binding to HCII for the catalytic effect dur- 
ing thrombin inhibition. The results with DEGR- 
thrombin suggest that phosphate polyanion bind- 
ing to the proteinase is important; this effect is 
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similar to that reported for heparin-DEGR- 
thrombin [10]. The rate constant for phosvitin- 
accelerated thrombin inhibition by HCII increases 
in a concentration-dependent manner, reaches a 
maximum, and then decreases as phosvitin concen- 
tration is further increased. The shape of the curve 
implies that phosvitin (and polynucleotides) forms 
a ternary complex ('template') with binding to both 
HCII and thrombin. The binding sites for HCII 
and thrombin probably reside in the phospho- 
senne-nch core region of phosvitin [20] . This is the 
first demonstration that a protein or a poly- 
nucleotide, not a glycosaminoglycan like heparin 
or dermatan sulfate, can serve as a surface (or 
template) for thrombin inhibition by a proteinase 
inhibitor. 

Although an in vivo role can be proposed for 
thrombin inhibition by HCII, the physiological 
function of this inhibitor remains to be fully under- 
stood. Nevertheless, our results support the con- 
cept of a new class of antithrombotics that are 
mediated through HCII and not through ATIII. 
The common feature of these compounds is a high 
charge density of phosphate polyanions. Further 
investigation with these antithrombotics may per- 
mit us to evaluate the biological functions of HCII. 
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